TRIGGER THUMB in adult life is often associated with a history of trauma and occurs almost exclusively in middle aged female patients (Fahey and Bollinger, 1954) . In infancy and childhood trigger thumb is a relatively rare condition, the aetiology of which is obscure. The condition is not well known outside hospital practice.
It seems worth while to review the cases of trigger thumb operated on in infancy and childhood in the hope that some light might be thrown on the condition as it affects this younger age group. The review is based on a series of 80 patients treated in the Royal Hospital for Sick Children, Edinburgh, during the eighteen year period, January 1946 to December 1963. We were impressed that in 23 patients out of 80, or 29 per cent, the condition was bilateral. Overall the condition was seen in 103 thumbs.
In the well established case there is a thickening and stenosis of the sheath of the flexor pollicis longus tendon at the level of the metacarpo-phalangeal joint of the thumb. In addition there is a nodule in the tendon itself and the disparity in size between the tendon and the narrowed sheath limits the movement of the tendon and consequently of the distal phalanx of the thumb to the base of which the tendon is inserted. If the primary lesion is a narrowing of the tendon sheath this could cause pressure on the tendon, exerted more consistently in the position of rest, i.e. about 15 degrees short of full extension, and the movement of the tendon through the narrowed sheath could damage the tendon and cause the development of a nodule.
Biopsy studies on the thickened tendon sheath have confirmed the findings of others (Fahey and Bollinger, 1954; Torokova, 1963) , that the thickening in the tendon sheath consists of non-specific fibrous tissue. The nodule in one instance where biopsy was taken also consisted of similar non-specific fibrous tissue. In two patients where the condition had existed for a considerable time, the nodule contained glairy, ganglion-like fluid, possibly the result of degeneration.
A considerable number of patients presenting with the established condition on one side later reported with the same condition in the opposite thumb.
We have examined the normal thumb carefully in all patients presenting with unilateral symptoms and also in those patients seen at follow-up where operation has been performed on one side. In 9 patients we found a definite nodule in the tendon of the flexor pollicis longus at the level of the metacarpo-phalangeal joint in the thumb opposite to the clinical lesion. This nodule moved freely on flexion and extension of the distal phalanx and did not give rise to symtoms.
CLINICAL OBSERVATIONS We have divided the condition into three clinical stages: (1) presymptomatic or asymptomatic; (2) trigger thumb; and (3) locked thumb.
(1) Presymptomatic or asymptomatic: No symptoms are complained of but a definite nodule is palpable in the flexor pollicis longus tendon at the level of the metacarpo-phalangeal joint of the thumb. The nodule is definitely in the tendon because it moves longitudinally on flexion and extension of the distal phalanx. It is difficult to understand how a tendon sheath narrowed insufficiently to interfere with the free movement of the tendon within it could exert sufficient pressure on the tendon to produce the nodule. Indeed the nodule is palpable and it appears to move freely through the narrowed part of the sheath. In many cases locking never occurs and the nodule gradually disappears.
(2) Trigger Thumb: There is again a palpable nodule in the tendon of the flexor pollicis longus but the disproportion between the nodule and the sheath is now sufficient to cause an audible or palpable click as the nodule moves through the narrowed sheath and the child may have obvious difficulty in extending the distal phalanx or extension may take place with a sudden snapping movement. (3) Locked Thumb: (Fig. 1) The nodule usually becomes locked on the proximal side of the constricted sheath as the flexor muscles exert a stronger pull than the extensor muscles. The interphalangeal joint of the thumb then becomes fixed in about 150 degrees of extension, further active extension is impossible but flexion to 90 degrees can be performed. With passive force extension is sometimes possible. Infants usually present at this stage. Sex Incidence
Of our 80 patients 34 were male and 46 female.
Side Affected The right side alone was affected in 24 patients, the left side alone in 33 patients. Twenty-three patients had bilateral involvement and will be discussed in detail later.
Age of Onset
The ages at which the condition was first noted are shown in Table I . Three cases were noted shortly after birth. rhe maximum incidence occurs during the second year of life. Although children up to the age of twelve years are seen at the hospital there were no cases where the age of onset was above six years.
History of Injury A history of injury to the thumb was noted in only nine patients. The condition was noted immediately after the injury in two patients. The remainder were noted from four days to five weeks after injury. In most of these cases the time between injury and the awareness of the condition was extremely short, suggesting that injury in most cases simply drew attention to the deformity. One patient showing bilateral involvement presented with a history of trauma to one side six weeks previously.
X-rays were performed in five patients referred to casualty with a history of injury. No bony abnormality was noted in any of these cases.
Provisional Diagnosis The condition is not well known outside hospital practice and in our series only eight patients were referred with the correct diagnosis. The diagnoses with which the patients were referred are shown in the following table. The most effective treatment is by adequate division of the tendon sheath of the flexor pollicis longus by open operation although it is possible for mild cases to settle with conservative treatment in the form of splintage. In our series three patients were treated by splintage, with temporary improvement in two. These however recurred and required operative division of the tendon sheath. The injection of hydrocortisone into the lesion was not performed in this series (Wolin, 1957) .
Operation is performed in all cases under general anaesthesia either as an inpatient or outpatient procedure and is usually performed in a bloodless field after the application of a pneumatic tourniquet. A transverse incision is made 2 -3 mm. distal to the proximal skin crease of the thumb, avoiding the digital nerves lying alongside the tendon sheath (Fig. 2) . The stenosed tendon sheath is widely opened vertically in the midline or just to the side of the midline until the nodule and tendon move freely (Fig. 3) . The skin and subcutaneous tissues are closed. The thumb is firmly bandaged and the child allowed home. Sutures are removed in one week. Adequate opening of the tendon sheath is the most important factor in preventing recurrence. Biopsy of the tendon sheath was performed in six cases and biopsy of the nodule in one case. These biopsies showed only non-specic fibrous tissue. In two cases, one late and one recurrent in which a very large nodule was found in the tendon, both nodules were found to contain glairy, ganglion-like fluid. This was thought to be due to degeneration. PROGNOSIS Of the 80 children who had operation performed a total of 57 were followed up (71 per cent). Forty-five of these children were reviewed in the Hospital Outpatient Department when they returned for removal of sutures and again one month later. The remainder were discharged directly to their own doctors for removal of sutures and follow-up.
To gain some knowledge of the late results of the operation we traced 20 children who still lived in the Edinburgh area and who had had the operation performed from one to 15 years previously and visited them in their homes. Eight of these children had previously been reviewed at the hospital after operation.
Results of Edinburgh Survey Of the 57 children followed up 46 originally had the condition in one thumb and 11 had bilateral involvement. Of the 46 originally unilateral cases 9 developed signs in the opposite thumb (two trigger thumb, 7 symptomless nodules). The total number of children with bilateral involvement in the series followed-up was therefore 20 out of 50 (35 per cent.) (Table III) . 20 (35%)
Of the 94 thumbs operated upon in 80 patients (this includes both thumbs in 14 bilateral cases) there were 7 recurrences. In these the inability to move the distal phalanx was usually noted within a few weeks of operation and it was felt that in these cases the tendon sheath had not been sufficiently widely divided. Further operation was performed on five of these thumbs with a completely satisfactory result. Wilks (1954) in a series from the Hospital for Sick Children, Great Ormond Street, London, quoted 4 recurrences in 47 operations.
After adequate division of the tendon sheath the nodule in the tendon gradually disappeared. All thumbs examined from 6 to 15 years after operation were completely normal.
No occurrence of the same condition in other members of the family was noted and none of the parents had noted any excessive crawling or thumb sucking.
INCIDENCE OF BILATERAL INVOLVEMENT In our series of 80 patients 23 were found to have bilateral lesions (29 per cent). They may be divided into three groups:
(1) Eight children who presented with bilateral locked of trigger thumb. (2) Six children who presented with locked or trigger thumb on one side and at intervals varying from three months to three years developed a locked or trigger thumb on the opposite side. (3) Nine children who presented with locked or trigger thumb on one side and with a definite nodule in the flexor pollicis longus tendon on the opposite side not giving rise to symptoms. 1I seven of the last group the nodules were noted at follow-up at intervals varying from one to five years after the first side had been diagnosed.
In two of these cases (numbers 77 and 78) the nodules were noted at the time the patients presented with the clinical lesion on the opposite side. In view of the size of these nodules and the probability of the development of locking at a later date operation was performed on both sides.
The first (Case 77) was a female child aged ten months. She presented with a locked thumb on the right side and was also noted to have a mobile nodule in the flexor pollicis longus tendon on the left side. On the right side at operation the tendon sheath was found to be thickened, there was also a band of fascia passing anteriorly to the sheath. When this band had been divided the tendon and nodule moved freely before the division of the actual sheath. On the left side, where the symptomless mobile nodule was present a band of fascia was also noted passing in front of the tendon sheath which was also thickened. Both were divided and the nodule exposed.
Case 78 was a female child aged four and a half years. A week prior to being seen at the hospital her mother had noticed that she was unable to extend the distal joint of the left thumb. No symptoms were present on the right side. On examination the distal phalanx of the left thumb was locked in flexion and a nodule was palpable at the level of the metacarpo-phalangeal joint. On the right side movement of the distal phalanx was free but a definite mobile nodule was palpable in the tendon of the flexor pollicis longus at the metacarpo-phalangeal joint. Operation was again performed on both sides. On the left the tendon sheath was thickened and a nodule in the tendon firmly fixed proximal to the constriction. On the right side the nodule moved freely but the sheath was also thickened at the level of the metacarpo-phalangeal joint. Simple division of the tendon sheath was performed on both sides.
REVIEW OF THE LITERATURE
From the literature we have been able to collect 257 cases of trigger thumb in infancy and childhood and in association with these 71 cases in adults. These are described or referred to in the references given at the end of the paper.
Of the 257 childhood cases 84 were fully analysed and of these 25 were bilateral (29 per cent). The sexes were almost equally affected and no obvious predisposing causes were noted. The onset was usually in infancy or early childhood, the youngest being 2j months old. The oldest was a woman of 20 years, described by Compere (1933) , who presented with bilateral trigger thumbs which had been present since the age of 3-4 years. At operation a tight transverse band was found constricting the tendon on both sides.
The condition was first described by Poulsen in 1908 and the first bilateral case in a child of 3j years was reported by Hauck in 1923.
Although no family history was noted in our own series, White and Jensen (1953) from Honolulu found a family history in 2 children, and 5 children, of Filipino ancestry, came from the same Hawaiian Island of Kauai. Fahey and Bollinger (1954) described the occurrence of the bilateral condition in a boy of 31 years and his twin sister, and Torokova (1963) noted that the father of one of the children in her series had had trigger thumb himself in childhood. This had resolved without treatment.
Division of the tendon sheath by open operation was found to be the most satisfactory method of treatment, but Chiari (1953) describes a method of subcutaneous tenotomy, the knife being introduced at the leval of the metacarpophalangeal joint and the sheath divided. He had 2 failures in 100 cases.
Of the 71 cases of trigger thumb in adults 7 were bilateral (10 per cent). Almost all occurred in females, the condition being commonest between the ages of 50-60 years. Trauma or constant repetitive movement appeared to be a factor in some cases but not in all. Fahey and Bollinger in a series of 12 children and 31 adults (all female), with trigger thumb, found that in adults there was usually gross thickenings of the tendon sheath with minimal changes in the tendon. In children the changes in the tendon were more marked than those in the sheath.
The occurrence of trigger thumb in adults almost exclusively in middle aged female patients and the 10 per cent incidence of bilateral cases suggests that other aetiological factors, apart from trauma, may play a part in causation. AETIOLOGY From our own observations and from a review of the literature we are convinced that trigger thumb in infancy and childhood has a congenital aetiology. This is supported by the following considerations:
(1) Early onset: All cases were noted before the age of six years although children up to the age of 12 years are seen at the hospital. The maximum incidence of the condition was in the first 2 years, 44 of our 80 patients developing the condition before their second birthday.
(2) The incidence of bilateral cases: The incidence of bilateral cases is interesting. We found that 23 out of 80 patients had bilateral involvement. This included the presence of symptomless nodules in the opposite thumb in nine children.
(3) The absence of a predisposing cause: In most cases no history of trauma is obtained and where a history of trauma is given the time relationships are such that it would seem to be purely an incidental factor.
Crawling on the hands has been suggested as a possible aetiological factor but the parents of children when questioned at follow-up stated that there had been no excessive crawling in their children. Many cases occurred before crawling started. No history of excessive thumb sucking was obtained.
Theories of Aetiology At the metacarpo-phalangeal joint of the thumb the flexor pollicis longus tendon passes in effect through a pulley. Any factor, either functional or anatomical which affects this mechanism may cause irritation to the tendon and its sheath due to pressure, causing fibrosis and narrowing of the sheath and the development of a nodule in the tendon. The following theories have ben proposd:
(1) Hypermobility of the first metacarpo-phalangeal joint: This had been noted in a number of patients.
(2) An abnormal remnant of the superficial transverse ligament of the palm or other abnormal fibrous band anterior to the tendon and its sheath. Three cases were noted in our series with abnormal bands and Compere described a bilateral case.
(3) Insertion of a part of the oblique head of the adductor pollicis into the lateral sesamoid of the thumb: A small portion of the oblique head of the adductor pollicis may be inserted into the lateral sesamoid of the thumb, passing behind or in front of the flexor pollicis longus tendon. This slip of muscle is described in Gray's "Anatomy" (1946) . Wood Jones (1941) also describes it but regards the muscle as part of the flexor pollicis brevis muscle. Describing the muscle he states -"From this mass of varient descriptions it is exceedingiy difficult to define a muscle which will embrace all the many definitions which have been given. The difficulty is made greater by the fact that many of the slips are themselves liable to individual variation." This slip of muscle was also mentioned by McFarlane in his "Observations on the functional anatomy of the intrinsic muscles of the thumb", in 1962, but was not found in 26 dissections of the thenar muscles which he performed. This position is commonly seen in the newborn and I have noted it in premature infants. This persistent flexion will lead to pressure on the tendon and its sheath. SUMMARY Eighty patients with trigger thumb in infancy and childhood are described. These were seen over an eighteen-year period at the Royal Hospital for Sick Children, Edinburgh. Thirty-four were male and 46 female. The age of onset was from birth to six years. Twenty-three patients had bilateral involvement. This figure included nine patients in whom a definite mobile nodule, not producing symptoms, was present in the tendon of the flexor pollicis longus tendon at the level of the metacarpo-phalangeal joint in the opposite thumb to the clinical lesion. We have called this the "pre-symptomatic" or "asymptomatic" stage. Trauma is not an aetiological factor.
The treatment of choice is by operative division of the narrowed sheath of the flexor pollicis longus tendon. Primary operation was performed on 94 thumbs with 7 recurrences.
It is concluded that trigger thumb in infancy and childhood is a congenital condition apd is due to a functional or anatomical abnormality and is bilateral in 
